Background: Antenatal hydronephrosis (ANH) is a condition characterized by fetal renal pelvic dilatation during pregnancy. It is detected in 1%−5% of all pregnancies. Most cases of ANH are physiological in nature, but some are pathological and can cause morbidity. Objective: To determine: (a) the causes of ANH; (b) the factors associated with complications; and, (c) the factors associated with surgical intervention. Methods: We reviewed the medical records of infants diagnosed with ANH; defined by a renal pelvic anteroposterior diameter ≥5 mm (based on antenatal ultrasonography) and being followed-up at Srinagarind Hospital. Results: Forty-six infants (32 boys and 14 girls) with ANH were identified. Over half (57%) were born in our hospital (in-hospital) with the condition. The two most common causes of ANH were ureteropelvic junction obstruction (32%) and transient hydronephrosis (22%). Of the 63 abnormal kidneys, 52% needed surgical intervention. Twenty-two patients (48%) had urinary tract infections and most had more than 1 episode. None of the 46 patients had end-stage renal disease, but one died because of lung hypoplasia during the neonatal period. The severity of ANH and time of first postnatal ultrasonography were related to medical complications, while bilateral ANH and more severe ANH were associated with the need for surgical intervention. A milder degree of ANH and postnatal ultrasound findings were significantly associated with transient hydronephrosis. Conclusion: Most cases of ANH were pathological and half required surgical intervention. Severe ANH and delayed investigation were associated with poor outcomes.
Antenatal hydronephrosis (ANH) is characterized by abnormally enlarged kidney(s), which can be detected by antenatal ultrasonography (AUS) between 12 and 40 weeks of gestation [1] . The incidence of ANH is 1%−5% of all pregnancies [1] [2] [3] [4] . Most cases of ANH are transient hydronephrosis (64%) [4] , which usually resolves after postnatal follow-up ultrasound [4] [5] [6] [7] [8] . However, some cases are pathological-mostly as a result of ureteropelvic junction (UPJ) obstruction (54.3%), vesicoureteric reflux (VUR) (8.5%), and posterior urethral valve (PUV) (5.3%) [4] -and can deteriorate and may require surgical treatment. Patients with ANH also have a higher risk for urinary tract infection (UTI) than the normal population (49%-53%) [9, 10] . Prospective studies demonstrated that a more severe degree of ANH and bilateral ANH are associated with a higher risk for UTI and the need for surgical intervention [11] . The objectives of the current study were to determine (a) the causes of ANH, (b) the factors associated with the need for surgical intervention, and (c) the factors associated with complications in patients with ANH.
Materials and methods
We reviewed the medical records of infants diagnosed with ANH by AUS and followed-up postnatally at Srinagarind Hospital, a supratertiary university hospital in Northeastern Thailand between June 1, 2003 and May 31, 2013. The patients underwent postnatal ultrasonography (PUS) and the severity of ANH was defined by anteroposterior renal pelvic diameter (APD) in the second or third trimester of pregnancy (namely, <5 mm = normal; 5−9.9 mm = mild; 10−14.9 mm = moderate; ≥15 mm = severe) [12] [13] [14] . The definitions for PUS were based on the Society for Fetal Urology classification adapted for neonates and infants [15] . We excluded from the study any patients with incomplete medical records or an incomplete antenatal history. The study protocol was reviewed then approved by the institutional review board and the Human Research Ethics Committee of Khon Kaen University, Thailand.
Statistical analyses
SPSS version 17.0 (SSPS Inc, Chicago, IL, USA) was used for all statistical analyses. Means, medians, standard deviations and interquartile ranges were calculated for the descriptive data. Student t tests and Mann-Whitney U tests were used to compare means and a χ 2 test used for correlation analysis. P < 0.05 was considered statistically significant.
Results

Demographic data
Forty-six patients were identified (32 boys (70%)). The mean gestational age (GA) at birth was 38.1 ± 1.5 weeks and the mean birth weight was 3,219 ± 578 g. Twenty-six cases (56%) were born in-hospital and 20 (44%) were born and diagnosed at other hospitals (referred). The mean GA at first AUS was 29.0 ± 5.3 weeks and the median age at first PUS was 22 (128) days. Further subgroup analysis revealed that the median age at first PUS of patients born inhospital vs. referred was 15 (16) vs. 142 (330) days ( Table 1) .
Ultrasonographic results
Antenatal ultrasonographic results
Sixty-three abnormal kidneys were identified in the 46 patients. Twenty-eight patients (61%) had unilateral hydronephrosis, 17 (37%) had bilateral hydronephrosis and 1 (2%) had a single kidney with hydronephrosis. A 22 (35%), 16 (25%) and 25 (40%) kidneys had mild, moderate, and severe ANH, respectively.
Postnatal ultrasonographic results
Based on the PUS findings, of the 63 abnormal kidneys, 7 (11%) improved to normal, while a respective 13 (21%), 18 (29%) and 25 (40%) presented mild, moderate, or severe hydronephrosis. A comparison of the AUS and PUS findings revealed that 39 kidneys (62%) had no changes, while 15 (24%) improved and 9 (14%) worsened.
Most patients underwent further investigations including: voiding cystourethrography (VCUG) in 28 cases, renal scan in 19, cystoscopy in 14, intravenous pyelography (IVP) in 12, and computerized tomography/magnetic resonance imaging (CT/MRI) in 6. Fourteen kidneys (22%) presented transient hydronephrosis while 12 (19%) had persistent hydronephrosis without any identified cause. Of the remaining kidneys, the most common cause of ANH was UPJ obstruction (32%) ( Table 2) .
Surgical requirement
Of the 46 patients, 24 (52%)-accounting for 33 of the 63 abnormal kidneys (52%)-underwent surgical treatment. Among the patients undergoing surgery, 17 (37%) were boys and 7 (15%) were girls. Thirteen patients (29%) had bilateral ANH while 11 (24%) had unilateral ANH. The majority of patients who underwent surgical correction were referred (33%) and underwent their first PUS after the first 30 days of life (30%). Most of the kidneys needing surgical intervention presented severe ANH (29%).
A higher rate of surgical requirement was significantly associated with bilateral ANH, severe ANH and/or being referred while sex and age of first PUS were not ( Table 3) . 
Complications
Complications included urinary tract infections (UTIs), chronic kidney disease (CKD)/end-stage renal disease (ESRD), and death. Of the 46 patients, 23 (50%) had complications. UTIs were diagnosed in 22 patients (48%), and most of them (17 patients; 37% of the total) had recurrent UTIs. None of the patients had progressed to CKD/ESRD during the mean follow-up time of 23.2 ± 18.3 months but 1 (2%) died because of pulmonary hypoplasia during the first week of life.
Among the patients with complications (14, 30% boys and 9, 20% girls), 10 (22%) had bilateral ANH while 13 (29%) had unilateral ANH. The majority of patients with complications were referred (30%), 24% had moderate ANH and 24% had severe ANH. About one-half of patients with complications underwent their first PUS after the first 30 days of life (24%).
Data analysis indicated that (a) the severity of AUS, (b) being a referred patient, and (c) age of first PUS after the first 30 days of life were significantly associated with a higher rate of complications, whereas sex and laterality of ANH were not ( Table 4) .
Transient hydronephrosis
Transient hydronephrosis was found in 14 of 63 abnormal kidneys (22%) in 11 of the 46 patients (24%). The clinical characteristics of those patients are presented in Table 5 . A milder degree of AUS and PUS findings was significantly associated with transient hydronephrosis, while sex and laterality of ANH showed no significant association. 
Discussion
Lee et al. [4] reported that most patients (64%) with ANH had transient hydronephrosis. By contrast, we found that only 24% of the patients had transient hydronephrosis. The lower prevalence in our study may be because of the retrospective study design and/ or our tertiary care, referral setting. Patients in our hospital tended to have more complicated cases than those in the general hospital population. The three most commonly identified causes of ANH as in previous studies were: UPJ obstruction (32%), ureteric obstruction (10%), and VUR (8%) [4] . 
Antenatal hydronephrosis in northeastern Thailand
In the current study, more than half of the abnormal kidneys (52%) required surgical treatment. Bilateral hydronephrosis was significantly associated with a requirement for surgical intervention, as reported by Babu et al. [11] . As noted by others [4, 10, 11, 16] , the other strongly associated variable was a greater degree of severity of ANH. Interestingly, referred patients underwent surgical treatment significantly more often than those born in-hospital. This might be because of later presentation leading to later investigations (median age at first PUS was 142 ± 330 days vs. 15 ± 16 days, respectively). Therefore, patients with ANH should be referred for further investigation and treatment as soon as possible after birth.
UTI was the most common complication of ANH patients; with 48% of patients experiencing one or more episodes of UTI. Fortunately, none of the patients had progressed to CKD/ESRD, as in similar previous studies [4] [5] [6] [7] [8] [9] [10] [11] . However, one of our patients died because of pulmonary hypoplasia and its potential association with hydronephrosis was unclear. Factors associated with complications were (a) having a greater severity of ANH based on AUS findings, (b) being a referred patient, and (c) having delayed PUS (>30 days after birth). The last two variables could be explained by delayed physician visits by those born outside our institution and referred, resulting in delayed investigations and antibiotic prophylaxis.
In our study, we focused on patients with transient hydronephrosis comprising 24% of all cases. This condition-which normally requires no further invasive investigation or treatment-is associated with a milder degree of ANH from AUS findings as in previous studies [4] [5] [6] [7] [8] [9] [10] [11] . Additionally, the milder the first PUS is, the more likely the association with transient hydronephrosis. Patients with a mild degree of hydronephrosis-based on both the AUS and PUS findings-should, in our opinion, be followed-up with ultrasonography. However, there is no evidential consensus, and therefore invasive investigations in this group of patients can be postponed.
Conclusion
In the current study, most cases of ANH were pathological and half of them-particularly those with severe and bilateral ANH-required surgical treatment. The greater the severity of ANH, the more likely the association with complications if postnatal investigations are delayed. The milder the degree of AUS and PUS findings, the more likely the association with transient hydronephrosis, which should not be over-investigated.
Generalizability of this study is limited because of the small sample size and its retrospective nature. Further prospective study including a costeffectiveness analysis should be conducted to clarify whether or not all pregnant women should undergo AUS for early detection of ANH.
